We use the inflation premium-the difference between nominal and real interest rates-as a proxy for expected inflation in the context of the New Keynesian Phillips Curve. Using data from inflation-indexed and nominal bonds we estimate a forward-looking Phillips curve for the United Kingdom over the period [1985][1986][1987][1988][1989][1990][1991][1992][1993][1994][1995][1996][1997][1998][1999][2000][2001][2002][2003][2004]. The proposed model describes UK inflation dynamics considerably better than does the standard hybrid New Keynesian Phillips Curve under the assumption of rational expectations. In contrast with the findings in the rest of the literature we find that there still exists a tradeoff between inflation and the stance of the real economy, regardless of the empirical measure used. This relationship also persists in the period since the UK adopted inflation targeting as a framework for monetary policy.
Introduction
"The connection between price inflation and real economic activity has been a central focus of interest to macroeconomists for much of the last century. It has likewise been a, if not the, central issue in the making of monetary policy."
1 -Benjamin M. Friedman.
Estimation of the Phillips curve tradeoff between inflation and output (or unemployment) is of considerable interest to both macroeconomists and policymakers. Following Gali and Gertler (1999) much work on this topic has been done within the framework of the New Keynesian Phillips Curve (NKPC), in which inflation is a function of expected future inflation, past inflation, and a measure of the "stance" of the real economy. 2 Expected future inflation is notoriously difficult to measure directly. Commonly, realized future inflation is used as a proxy; rational expectations are invoked, and estimation is conducted by the Generalized Method of Moments (GMM) or other instrumental variable method. To the extent that realized inflation does not closely track expectations, this procedure will have low power for achieving accurate estimates. To the extent that the assumption of short-run rational expectations fails, the procedure is biased.
We reassess the question of a short-run tradeoff between inflation and the real economy by proposing an alternative measure of expected inflation. By making use of unique data available for the United Kingdom during the period 1986-2004-the availability of both nominal and real yield curves over the last 20 years-we argue that the inflation premium is a useful proxy for expected inflation. The inflation premium is calculated as the difference between the nominal and real yield for a given maturity, and it is a market-based measure of inflation expectations with three attractive properties: (1) it is forward looking, (2) it is updated frequently (basically daily), and (3) it is easily available. 3 The relatively thick market for index-linked gilts in the U.K. makes possible the calculation of real rates, although data is not available for as short a maturity as is true for nominal bonds. The inflation premium measure is probably as good a measure of expected inflation as is possible to construct from existing markets. There is no a priori reason why realized inflation or the inflation premium should necessarily be the superior measure. Our results suggest that for the purpose of estimating the NKPC, the inflation premium is the better measure.
We begin by estimating the standard hybrid NKPC under the assumption of rational expectations using the inflation premium as an instrument. Using this approach, Next we hypothesize that economic agents adopt the inflationary expectations of the financial market as their own, or at least that the inflation premium is a useful proxy for inflationary expectations. Using the inflation premium we find that over the last 20 years there has been a consistent tradeoff between inflation and the stance of the real economy, regardless of which measure of the stance we use. This relationship remains intact even after 1992 when the Bank of England adopted inflation targeting as the framework for monetary policy.
3 Scholtes (2002) .
The structure of the paper is as follows. Granger causality tests between the inflation premium and realized inflation are presented in section 2, together with a brief history of UK's experience with index-linked bonds. Section 3 introduces the basic formulation of the NKPC, and reviews the existing literature on NKPC, focusing on the studies for the United Kingdom. We also summarize the issues with GMM estimation of the NKPC as reported in the recent literature. In section 4, we present estimates of the forward-looking Phillips curve for the UK over the period 1986-2004 and conduct a robustness check of our results. Section 5 concludes.
Inflation-linked securities and inflation expectations
The United Kingdom has the longest experience among large, industrial countries with issuing index-linked securities. Her Majesty's Treasury first started issuing index-linked gilts in March 1981, the reasons behind this action being "to reinforce belief in the government's anti-inflation policy, to reduce the cost of funding by saving the inflation risk premium and to improve monetary control by increasing the flexibility of funding." 4 By 2003 the inflation-uplifted amount outstanding in the inflation-linked gilt market (about £78 billion) was more than 25% of the size of the total outstanding debt stock (£280 billion). As emphasized by Scholtes (2003), "Apart from the UK Treasury, no other major government issuer currently has a sufficient number of outstanding index-linked bonds to permit estimation of a well specified real yield curve."
The Bank of England uses a methodology based on cubic smoothing splines 5 
The relevance of the inflation premium as a market based measure of inflation expectations is emphasized by Cedric Scholtes, of the Bank of England, who points out that inflation expectation proxies derived from index-linked bonds have the advantages of being "forward-looking, timely, and frequently updated for a range of maturities." 8 Using the inflation premium as a proxy for inflation expectations is equivalent to allowing for the possibility that economics agents follow heuristics in the formation of expectations, a possibility clearly acknowledged by the Governor of the Bank of England, Mervyn King, who states that "Rational optimizing behavior is in many situations too demanding, and actual decisions may reflect the use of heuristics." 9 The inflation premium also fulfills the two basic requirements for a useful rule of thumb: It is easy to compute and it is frugal in its data requirements.
What is the empirical evidence regarding the information content of the inflation premium about future inflation? Scholtes (2002) has shown that the two-year inflation premium is more closely related to two-year-ahead inflation than survey based measures of expectations. 10 Using data on UK real and nominal bonds, Risa (2001) found that for medium maturity bonds, most of the variability in the 7 The inflation premium is only an approximation for expected inflation because the premium may include a time varying risk factor (see Ang and Bekaert (2005) , Risa (2001) or Evans (1998)). 8 See Scholtes (2002). 9 Mervyn King (2005) . 10 Barclay Basix collects information on survey inflation forecasts in the UK. However, this information is not readily available to the public.
difference between nominal and real yields is driven by changes in expected inflation.
Our results are consistent with previous findings. Figures 1 and 2 , present realized inflation and the spot inflation premium calculated as the difference between the nominal and real spot rate for a maturity of 4 years (16 quarters). 11 We chose the maturity of 16 quarters, because it is the shortest maturity for which the real rate is available without any missing values from January 1985 to December 2004. Figure   1 includes the quarter-to-quarter inflation rate, while Figure 2 includes the inflation rate since the corresponding period of the previous year. In both cases, there is a striking positive relationship between the actual inflation rate and the spot inflation premium.
To get an initial idea about the direction of "causality" we conducted Granger causality tests. In the test equations the inflation rate (inflation premium) is regressed on four of its own lags 12 and four lags of the inflation premium (inflation rate). The results of these tests are presented in Table 1 , both for quarterly and annual inflation rate, for the period since the 1 st quarter of 1986 to the 4 th quarter of 2004. We cannot reject the null hypothesis that realized inflation does not Granger cause the spot or forward inflation premium. However, we can always reject at 1% significance levels the null hypothesis that the inflation premium, an approximation for expected inflation, does not Granger cause realized inflation. 11 For the forward inflation premium the figures look very similar. 12 Changing the number of lags does not influence the conclusion of this analysis.
Common Formulation and Literature Review
Since the influential paper by Gali and Gertler (1999) 
where , , b f γ γ λ depend on underlying structural parameters. Another option is to use the unemployment rate, or the deviation of the unemployment rate from an estimate of the natural rate of unemployment as in the classical Phillips curve. 13 The pure forward-looking version of the NKPC is obtained by imposing the restriction . 0 b γ = 14 These structural parameters are the inter-temporal discount factor, the degree of price stickiness, the degree of "backwardness" in price setting, the curvature of the production function and the elasticity of demand. For a detailed derivation of equation (1) see Gali and Gertler (1999 (3) is usually estimated by the Generalized Method of Moments estimator (GMM) with correction of the covariance matrix for high-order serial correlation. The instrument set typically includes four to six lags of inflation, the measure of the stance of the real economy, the spread between long-term and short-term interest rates, wage inflation, commodity prices, import and export prices, real exchange rate, etc. 15 Variants of equation (3) economy, especially in the case when the later is approximated by de-trended output. 15 The average total number of instruments included in such estimations is around twenty (in some cases even forty). Phillips curve.
Data and Estimation Results
The data used in this paper covers the period 1985:Q1-2004:Q4. We limited the sample to this period, since our interest is in the role of the inflation premium as a proxy for expected inflation, and yield curve estimates are only available starting with 19 The data source for the yields is the Bank of England's own estimates of the yield curve. 20 We consider three different specifications of a forward-looking Phillips curve, based on three alternative proxies for expected inflation, 1 t t E π + , in equation (1). The first specification makes the standard assumption of rational expectations, and uses the inflation premium as an instrument. The second and third specifications use the inflation premium as a proxy for expected inflation, using the spot premium in the second specification and the forward premium in the third. Since a proxy may be 17 The estimate of the non-accelerating wage rate of unemployment and potential output comes from the OECD Economic Outlook publication. 18 19 As mentioned before the choice of a maturity of 4-years is dictated by the availability of the data. See footnote 10. 20 Estimates of both the spot and forward yield curves for each business day since January 1985 are available on the Bank of England website, www.bankoflengland.co.uk/yields/. subject to measurement error we instrument, including the forward inflation premium as an instrument in the second specification and the spot inflation premium as an instrument in the third.. Specifically we estimate equations 21 (4)- (6) by two-stage least squares (2SLS) using a Newey-West correction of the standard errors:
, 1
We use 2SLS and a parsimonious instrument set in order to avoid the problems of using GMM estimation with many instruments. The 21 Since the RPI data is not seasonally adjusted we also include in the estimation equations and instrument sets quarterly dummy variables and a dummy for the second quarter of 1990 when the coverage of the RPI changed.
economy produce similar results: in the standard formulation of the NKPC the major role is played by future inflation, the estimate of f γ being 0.77. The coefficient on future inflation is quite precisely estimated, a 95% confidence interval is (0.6, 0.9).
One interpretation is that about 60-90% of economic agents have forward-looking behavior. Lagged inflation has a much smaller, but not negligible, effect, and the economics stance variable has no statistically significant impact on inflation and enters with the wrong sign. Looking at the results of the Breusch-Godfrey LM test, the standard hybrid specification of the NKPC seems to suffer from misspecification, since the residuals exhibit high order serial correlation. As argued by Mavroeidis Columns (2) and (3) of Tables 2A and 2B present the results from estimating equations (5) and (6) (or in the deviation of the unemployment rate from the natural rate) will decrease the inflation rate by about 0.24-0.37 basis points.
OECD gap
The proposed alternative formulations of a forward-looking Phillips curve fits the UK data considerably better than (or at least as well as) the standard hybrid NKPC.
Furthermore, investigating the residuals from estimating equations (5) and (6) there is no sign of misspecification that could be detected as high-order residual serial correlation.
The last line in Tables 2A and 2B presents the results for a Hausman test for the endogeneity of the inflation premium measures. When future inflation is used as a proxy for expected inflation, the New Keynesian Phillips curve has to be estimated by 2SLS since future inflation is correlated with the error term in equation (4).
However, the inflation premium may be econometrically exogenous since it is determined at time . Alternatively, since the inflation premium is a proxy it may include measurement error which would require an instrumental variable approach.
We conduct a Hausman test for the null hypothesis that
is exogenous by adding the current level of the inflation premium to the instrument set. 22 The results are mixed: We reject the null hypothesis that the forward inflation premium is exogenous but we do not reject the null hypothesis that the spot inflation premium is exogenous at 5% significance level.
Given that there is some evidence in favor of the use of the spot inflation premium in an OLS regression, we present such results in Table 3 . The results are quite similar to the 2SLS results, which is unsurprising given the results of the Hausman test. 22 The test statistic is calculated as the difference in the 2SLS estimates of the coefficients on In the following we conduct a robustness check of our results. We consider four different scenarios. First, tables 5A and 5B explore whether the results obtained previously are conditional on the particular instrument sets used. As a reminder, columns (1), (2) and (3) Third, we investigate whether the tradeoff between inflation and real economy persisted in the period since 1992 when the UK adopted inflation targeting as the framework for monetary policy. In order to see if the relationship between inflation and the real economy changed after the UK adopted inflation targeting, we estimate the restricted version of equation (5) and (6) when we use the HP-filter based output gap, the tradeoff between inflation and the real economy persists even in the period since the UK adopted inflation targeting. This finding is consistent with the Bank of England Act (1998) that clarifies that even though the major goal of monetary policy is to achieve price stability, monetary policy should also support the economic policy of the government, namely high and stable levels of growth and employment.
As a last robustness check we consider alternative maturities for the calculation of the inflation premium. In our analysis so far, the spot (forward) inflation premium was Furthermore, we obtain a statistically significant tradeoff between inflation and the real economy whenever we use the inflation premium as a proxy for expected inflation.
Conclusions
We compare estimates of a NKPC based on using the inflation premium as a measure of inflationary expectations with traditional estimates that use realized future inflation.
The model that allows for inflation expectations to be approximated by the inflation premium fits UK inflation dynamics considerably better than the standard NKPC under the assumption of rational expectations. Forward-looking behavior, as captured by the coefficient on the inflation premium, is a major determinant of inflation dynamics, the estimated coefficient being about 0.7-0.8.
When the inflation premium is used as a measure of expected inflation we are able to estimate a well specified forward-looking Phillips curve. We find that regardless of the proxy that is used for the stance of the real economy, even during the last 20 years there still exists a tradeoff between inflation and the real economy. The findings in the previous literature regarding the disappearance of a tradeoff between inflation and the stance of the real economy after the mid-1980s are conditional on the assumption of rational expectations. This relationship also persists in the period of explicit inflation targeting in the UK, emphasizing the need for policy makers to take this tradeoff into account when making monetary policy decisions. Furthermore, while the hybrid NKPC appears to be misspecified as reflected in the residual high-order serial correlation, our proposed estimation equations do not suffer from the same problem. OECD potential output gap ( 
